ABSTRACT. The luminosity of a zlOPo source has been detected using a photomultiplier technique. It is also found that photons are produced in air, glass and quartz when these materials are irradiated by a-particles. It is shown that the ' scintillations ' observed by Richards and Cole probably originated in these materials, and not in the various thin films to which they were ascribed.
1. I N T R O D U C T I O N
T is well known that zlOPo and other cc-particle sources are feebly self-luminous.
The spectrum of this luminosity was first examined with a quartz spectro-I graph by Sir William and Lady Huggins (1903 Huggins ( , 1905 Huggins ( and 1906 and found to coincide with that of nitrogen. They concluded that the effect was due to a-particle excitation of nitrogen occluded in the source, and in the air irradiated by the source. This has been confirmed by later observers, the most recent being Ortner and Salim (1952) . They photographed the visible spectrum of the light emitted from a zlOPo source, and from the air near the source. They identified the various lines and bands in the two spectra with those from nitrogen, and also oxygen.
This luminosity and similar effects have been investigated using an EM1 type 5060 photomultiplier tube, which has a 1 cm diameter semi-transparent photocathode, deposited on the inside of a 1.5 mm thick flat glass window. A 2.4 mc 'loPo source, deposited on the end of a 0.9 mm platinum wire, was located at the end of a brass collimating tube, 15 mm long and 1.5 mm internal diameter, giving a narrow emergent beam of about 4 x los a-particles per minute. The source was mounted in air directly above the photo-cathode, on a micrometer screw, so that the distance from the tube could be varied. The output from the photomultiplier was fed through a cathode follower, linear amplifier and discriminator to a fast scaling unit. Throughout the experiments all surfaces were kept clean and free from materials not specifically mentioned.
With the source in position, a large number of small amplitude pulses, greatly exceeding the noise count, was observed. The integral pulse-height distribution curves gave no indication of a plateau, and comparative measurements were therefore made of the counting rate at constant gain and a fixed discriminator bias. The number of counts observed at this bias was approximately 0.18 of the total number of counts, extrapolated to zero bias. Figure 1 shows the observations on the variation of counting rate with the distance of the source from the photomultiplier. This distance is expressed in millimetres of standard air equivalent (15"c, 76cmHg), the range of the zlOp~ cz-particles being 38.2".
The noise count of 370 counts/min has been subtracted throughout. The gross count curve ABC is attributed to counts arising from photons produced A at the source, B in the air between the source and the photomultiplier, and C in the glass of the photomultiplier.
The counts A were eliminated by covering the source with an aluminium foil of 1.3 mm equivalent air thickness, placed 0.1 mm in front of the source. Curve BC was then obtained, the distance being corrected for the equivalent air thickness of the foil. This curve shows two separate effects, one of which occurs only when the source is less than about 38 mm from the tube. Curve A gives the difference between curves ABC and BC, and represents the counts due to photons produced at the source. 
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The counts B, due to photons produced in the air, were next eliminated ( fig. 2 ) by placing three aluminium foils, each of 1.3 mm air equivalent thickness, directly on the photomultiplier; curve I1 was obtained. When the distance of the source from the photomultiplier was corrected by the addition of the equivalent air thickness of the foils, curve I was obtained. It is seen that the photons cease to be detected when the source distance is greater than 38-2 mm air equivalent, i.e. greater than the a-particle range, and the number of photons detected increases with the residual range of the a-particles in the glass. Curve I11 was obtained when four more similar foils were placed on the photomultiplier. Curve I11 is parallel to curve I1 and coincides with it if the distance is corrected by the addition of the equivalent air thickness of the four extra foils. It is concluded that the photons are produced in the glass, and not in the aluminium foils, which have no effect on the number of counts observed. Curve C of fig. 1 shows the number of counts due to photons produced in the glass. Curve B, obtained by subtracting C from BC, represents the counts due to photons produced in the air.
These experiments were repeated with a fused quartz slab 1-45" thick placed on the photomultiplier. Photons produced in the quartz were detected, and separated from those produced at the source and in air, by introducing aluminium foils above the quartz. When an aluminium foil was placed between the quartz and the photomultiplier, the effect was completely eliminated. The results were similar to those obtained with the glass but the number of counts due to photons produced in the quartz was a factor of two less, and those due to photons produced in the air and at the source a factor of three less. This is attributed to the reduced solid angle of detection, and possible optical absorption in the quartz.
3. D I S C U S S I O N
It is concluded that the a-particles are responsible for the production of photons at the source, in air and also in glass and quartz. The effect cannot be ascribed to the weak y-radiation from 210Po, as the photons from the glass cease when the a-particles are unable to penetrate into it. A rough estimate, made by extrapolating curve C of fig. 1 to zero source distance, indicates that the total number of counts due to photons that would be produced in the glass by 5.3 MeV a-particles is only 0.02 of the number of incident a-particles.
Assuming a mean photo-cathode conversion efficiency of about 2y0, this indicates that only about one photon per a-particle reaches the photo-cathode. The total number produced may, however, be several times higher, since the glass is opaque at wavelengths below 320mp. The results with the quartz indicate that it is reasonably transparent to the photons, and it would be desirable to repeat the measurements using a photomultiplier with a quartz envelope. Richards and Cole (1951) have described experiments in which they observed scintillations ' when thin films of many different materials were irradiated by a-particles from a strong zlOPo source. The scintillations ' were only observed when the thickness of the film was less than the range of the a-particles in the material. I n the majority of cases, the films were deposited on a l m m quartz slide, which was reversed to take noise readings. Richards and Cole referred F-2 J . B. Birk andJ. W . King neither to the self-luminosity of the source nor to the photons produced by +particles in air, quartz or the glass of the photomultiplier envelope. It appears from their report that in each case the residual range of the a-particles, after emerging from the film, was in one or more of these three materials. It is evident that some, and probably all, of the 'scintillations' ascribed to the thin films originated in the quartz, glass or air. This would explain their statement that " the efficiencies of all these films are approximately the same ", since the efficiency in question would, in the majority of cases, be that of the quartz slide below the film.
